In present work chitosan functionalized magnetic nanoparticles (CMNPs) were successfully prepared and investigated for the removal of Reactive Orange 107 dye (RO 107) from water. The chitosan was extracted from shrimp shells (Penaeus merguiensis) and was characterized by solubility test and fourier transform infrared spectroscopy (FTIR). Degree of deacetylation of chitosan was examined by 1 H-NMR and potentiometric titration method.
Introduction
Use of dyes is as old as human civilization. Dyes offer fascinating colour to clothing and other stuff. Modern trend of multi-coloured clothing leads to an increasing consumption of dyes that resulted in an augmented amount of polluted water discharged in industrial effluent. A vast majority of dyes are toxic for aquatic biota and humans due to their suspected carcinogenic and mutagenic effects [1] [2] [3] [4] .
Dyes are stable, coloured and ionizing aromatic molecules that have ability to bind with substrate. They are resistant to oxidation and aerobic digestion under common conditions of physical and biological treatments, due to their molecular structure [5] [6] . Several methods are used for removal of dyes from water streams including flocculation, membrane separation, photo-catalytic degradation, adsorption, microbial or enzymatic decomposition etc. [6] - [13] . However, most of them are restricted by their high initial and operational costs [14] [15] [16] [17] [18] . Adsorption is considered to be a promising method for such applications because of its ease of operation, simplicity, high recovery, low cost and non-toxic products [19] .
Several studies report modification of nanoparticles for preparation of low cost adsorbents for textile dyes and other hazardous materials. Zhu et al. employed magnetic chitosan/polyvinyl alcohol nanoparticles for the adsorption of congo red dye in acidic environment [20] . Magnetic nanoparticles modified with graphene oxide were used for removal of reactive black 5 dye [21] . In another study, removal of reactive red dye was reported with magnetic nanoparticles modified with cetyltrimethyl ammonium bromide from acidic medium [22] .
Ghaemi et al. reported on removal of titan yellow dye by employing modified nanoparticles [23] . Activated carbon also proved to be an efficient adsorbent for anionic dyes [24] . Mahmoodi et al. reported removal of several textile dyes by using nanoparticles of titanium oxide [25] .
In recent years, applications of nanomaterials for the removal of dyes from water have received increasing attention [26] . Magnetic iron oxide nanoparticles (MNPs) due to their large surface area, high adsorption capacity, and low diffusion resistance are utilized for the removal of dyes as well as other pollutants such as toxic metals from water streams [27] [28] [29] . Surface modification of iron oxide nanoparticles is an effective way to enhance stability, novel properties and possibilities of application. In this context, locally available shrimps (Penaeus merguiensis) as economical source of chitosan for the synthesis of magnetic Fe 3 O 4 chitosan nanoparticles (m-Fe 3 O 4 -CNs) followed by study of their
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adsorption properties towards sulphonated anionic dye reactive orange 107, were employed in this study. Various parameters including pH of the medium, temperature, adsorbent dosage, initial dye concentration on adsorption capacity of the m-Fe 3 O 4 -CNs were thoroughly investigated. In addition, batch adsorption experiments were carried out to study the adsorption kinetics, isotherms and thermodynamics, and a possible adsorption mechanism was also proposed accordingly.
Experimental

Materials
High-purity grade reagents were used without further purification. Ferric chloride (FeCl 3 ·6H 2 O, 99%) and ferrous chloride (FeCl 2 ·4H 2 O, 98%) were obtained from Merck KGaA, Darmstadt, Germany whereas NaOH was obtained from UNICHEM, India. Acetic acid, methanol and ethanol were purchased from RCI Labscan Thailand, Sigma Aldrich USA and VWR Chemicals USA, respectively.
Reactive orange 107 dye (holactive golden yellow RNL) was obtained from a local supplier. The structure of the dye is presented below as Figure 1 . Deionised water with conductivity 0.045 microsiemens (mS) was obtained from a Millipore system.
Instrumentation
A single beam UV spectrophotometer (Shimadzu UV-1800 series spectrophotometer, Kyoto, Japan) with quartz cuvettes having a path length of 1.0 cm was used to measure the absorbance of samples before and after adsorption experiment in the wavelength range of 190 to 800 nm. A digital pH meter model 510 (Oakton, Eutech, USA) equipped with a reference Ag/AgCl electrode and a glass working electrode was used.
FTIR spectra were recorded on a FTIR Bruker Vector 22 spectrometer (Germany). Pallets for FTIR were made by mixing a minute quantity of sample with KBr and spectra were recorded in the range of 400 -4000 cm −1 . Ten scans were used to obtain the spectral resolution of 0.1 cm In order to investigate the size and morphology, scanning electron microscope (SEM) (JED-2300 Analysis Station, JEOL Ltd. Japan) having energy dispersive detector and atomic force microscopy (AFM), Agilent 5500 (Arizona, USA), were employed. Triangular soft silicon nitride cantilever (Veeco, model MLCT-AUHW) with a nominal value of 0.01 and 0.1 nm −1 for the spring constant was used in the tapping mode for all measurements. Samples were prepared by putting a drop of freshly prepared solution on the surface of silicon wafer, and subsequently dried in air.
Proton NMR was recorded on a Bruker AVANCE AN-500 MHz spectrometer. CDCl 3 was used as solvent.
Thermal gravimetric analysis was conducted on a SDT Q600 by TA Instruments, USA. The experiments were conducted by using up to 6 mg of the sample under nitrogen atmosphere. The thermographs were obtained by heating the samples from 30˚C to 800˚C at the rate of 10˚C permin under nitrogen atmosphere at 50 kPa.
Extraction of Chitin and Chitosan
Large quantity of the fresh shrimps (Penaeus merguiensis) was purchased from local market and its waste was collected by separating its head and skin. It was then washed properly with water followed by crushing. The crushed sample was subjected to chemical treatment in order to extract chitin followed by extraction of chitosan. Three steps were followed for the extraction of chitosan. All raw shrimps were treated with NaOH (1:16) for 48 hrs, followed by filtration and neutralizationfor deproteinization. Demineralization is carried by treating deproteinized sample with 1M HCl (1:16) for 24 hrs. The resulting precipitates were filtered and dried after neutralization and can be termed as extracted chitin. Thereafter, the chitin was soaked in NaOH for 48 hrs at ambient temperature for deacetylation. The final product obtained after washing and drying was chitosan [30] .
Potentiometric Titration
Potentiometric titration method was employed to confirm the degree of deacetylation. In a typical process, 0.2 g of dried chitosan was dissolved in a mixture of 20 mL of 0.1 M HCl and 25 mL of deionized water. As soon as it is dissolved completely, 25 mL of deionized water was further added into it and allowed to stir for next 30 minutes. Later the solution was titrated against 0.1 M NaOH solution.
Synthesis of CMNPs
CMNPs were synthesized by slight modifications in a reported method [31] .
Briefly, 2 g of the laboratory made chitosan was allowed to dissolve in 100 mL of Percentage removal of the dye is calculated by using following formula
where A i is initial absorbance of the dye solution before adsorption and A f is final absorbance of the dye solution after adsorption.
The amount of dye adsorbed per gram of the nanoparticles was calculated by using the following formula:
where q is amount of dye adsorbed (mg/g), C i is initial concentration of the dye, C f is final concentration of the dye, V is volume of dye solution used (L), and m is amount of adsorbent used (g).
Desorption and Regeneration Studies
In order to evaluate desorption of the adsorbed dye, dye loaded particles (having 25 mg of dye adsorbed) were desorbed with ethanol solution (10 mL) containing NaOH (5 mL, 1 M) and placed on orbital shaker for an hour at 250 rpm. The absorbance of the solution was measured after an hour to check the percentage of desorption. Subsequently, CMNPs were washed with water and ethanol (three times) and collected using a permanent magnet followed by drying in vacuum at 30˚C overnight.
The amount of dye desorbed from CMNPs in the solution was calculated by American Journal of Analytical Chemistry using the following formula:
where, A i is the initial absorbance of the dye solution before adsorption and A f is the final absorbance of the dye solution after desorption.
Adsorption Isotherms
Moreover, both Langmuir and Freundlich models were applied at optimized parameters to examine the experimental data. In Langmuir isotherm, monolayer coverage of adsorbate molecules on the homogenous surface of the adsorbent is assumed. Conversely, Freundlich isotherm describes multilayer formation of adsorbate molecules and heterogeneity of the adsorbent surface. The multilayer adsorption process is characterized well with the Freundlich model. The Langmuir and Freundlich isotherm models in linear forms are shown below:
where C ads is the concentration of adsorbate (mol·g ) and 1/n were achieved from the intercept and the slope of plot lnC ads versus lnC e . The amount of the RO 107 adsorbed per unit amount of the adsorbent was correlated using Equation (4) and (5), respectively.
The dimensionless equilibrium constant, R L , is characteristic parameter for Langmuir isotherm that can be expressed by the following equation:
where C i is the initial concentration of the adsorbate (mol·L −1 ) and R L values explain the favourability (0 <R L < 1) of isotherm.
Results and Discussion
Extraction of Chitosan from shrimp shells is confirmed by its solubility in acids owing to presence of high content of amino groups compared to chitin. Variable degree of deacetylation (DD) of chitin under different experimental conditions is determined by FTIR, proton NMR and potentiometric titrations.
Characterization of Extracted Chitosan
FTIR spectra of extracted chitin and deacetylated chitosan are shown in ( )
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The percentage of DD obtained from the Equation (7) was 86.86%.
Degree of deacetylation was further confirmed by potentiometric titrations.
The titration curve ( Figure 4 ) with varying pH showed two inflexion points: the first point (V 1 ) represents the neutralization of HCl by the addition of NaOH while the second point (V 2 ) corresponds to the neutralization of ammonium ions present in the sample of chitosan.
The amount of amino groups (DD) of chitosan can be calculated by using the difference between two inflexion points i.e. V 1 and V 2 . The DD through potentiometric titration is calculated by using the following formula [34] .
( ) ( ) which corresponds well to the result of 1 H-NMR.
Synthesis of CMNPs
CMNPs were synthesized by using the method described in experimental section. The pH of the solution plays vital role during synthesis since acidic media is required for solubilisation of chitosan. Anionic nature of Fe 3 O 4 induce the electrostatic attraction between these particles and chitosan [35] , therefore, chitosan coats on the surface of iron oxide nanoparticlesin alkaline media [36] .
FTIR spectra of chitosan, bare magnetic iron oxidenanoparticles (MNPS) and CMNPs were recorded to check the functionalization of chitosan on iron oxide
nanoparticles. 
Removal of RO 107 by CMNPs
The removal studies were conducted by using reactive orange 107 dye as adsor- Table 1 .
It is evident from the literature comparison that the CMNPs have an appreciable adsorption capacity towards RO 107. American Journal of Analytical Chemistry Figure 9 . FTIR of Dye, CMNPs and DCMNPs. Dose of adsorbent is one of the prime parameters in the process of adsorption because it decides the capacity of adsorbent for the known concentration of adsorbate at particular conditions. The influence of amount of CMNPs on the adsorption of RO 107 dye is presented in Figure 10 Adsorption of dye increased with increase in the stirring speed (50 -250 rpm).
Higher stirring speed results in an increased degree of agitation that leads to more frequent contact of CMNPs with dye molecules.
Salts are often used in different processes. Hence, effect of salt concentration was studied on adsorption efficiency of CMNPs. The presence of KCl reduced the adsorption efficiency as can be seen in Figure 10 (e). Adsorption capacity of
CMNPs decreased with increase in the salt concentration. Presence of the salt in a system reduces the electrostatic interaction between CMNPs and dye molecules. The dye used is anionic in nature therefore the anions of the salt compete with these ions that inhibits the process.
At last effect of temperature on the adsorption capacity of dye was checked. It was found that adsorption of dye increased with increase in temperature, Figure   10 (f). The increased adsorption of dye with rise in temperature might be due to subsequent increase in internal energy of CMNPs. Temperature apparently accelerates the mass transfer of RO 107 onto the surface of CMNPs.
Adsorption Isotherms
The interactive behaviour between the adsorbate and the adsorbent can be explicitly explained by adsorption isotherms. Furthermore, the adsorption capacity of the sorbent can also be determined accurately by means of isotherm data.
Therefore, in present study, the adsorption capacity of CMNPs is investigated by performing equilibrium study. should have values lying in the range of 1 to 10 for classification as favourable adsorption [44] . In present studies for RO 107 dye removal 1/n value is 2.604, and it shows that sorption on CMNPs is favourable adsorption procedure.
Plots of both Langmuir and
Hence, the multilayer adsorption of the RO 107 on the surface of CMNPS was evident following the Freundlich isotherm model. ) is the rate constant of second-order adsorption under similar conditions. The integration of Equation (10) carried to make it linear form Equation (11) ( ) ( ) ( ) 
The values of q e and k 2 can be determined from the slope and intercept of the plot t/q t versus t in Equation (11) if the second-order kinetics is operative. All the values obtained from these kinetic equations are collected in Table 2 . It can be inferred from the values of regression coefficient (R 2 ) that adsorption in this study follows pseudo-second order equation relatively better than the pseudo-first order equation. The agreement of the experimental data with the pseudo-second order kinetic model indicates that the adsorption of RO 107 dye onto CMNPs regulated by chemisorption (as the rate-limiting step of the adsorption mechanism and no involvement of a mass transfer in solution) involving valence forces through sharing or exchange electrons between adsorbent and adsorbate [45] .
Furthermore, the first-order and pseudo-second order kinetic models could not identify the diffusion mechanism. Thus the kinetic results were then analysed via film diffusion or the intraparticle diffusion mechanism by Reichenberg equation as follows 
The plot of β t against t is linear for RO 107 explained that the rate controlling step for the adsorption is intraparticle diffusion however small fraction of RO 107 also adsorbs via film diffusion because the plot does not pass through origin, Figure 11 (a).
Another mathematical form for kinetic adsorption is Morris-Weber equation
where R d is the rate constant of intraparticle diffusion and q t is the concentration of adsorbed dye at time t. Linear relationship for adsorption data was observed for the plot of q t (mol·g ) were determined by applying following equations
where R is the gas constant and K c is adsorption equilibrium constant.
The obtained values of ΔH and ΔS were 44.1 kJ·mol −1 and 0.158 kJ·mol results demonstrate reasonably maintained desorption for three consecutive cycles that is 98%, 94% and 90%. Hence CMNPs maintained 90% adsorption potential after three consecutive cycles and can be used repeatedly as an efficient adsorbent for practical wastewater treatment.
Environmental Remediation
CMNP's were applied for the removal of RO 107 dye from a combined effluent treatment plantwater sample collected from Korangi Industrial Area, Karachi 
Conclusion
In this study, chitosan functionalized magnetic (iron oxide) nanoparticles were successfully prepared and investigated for removal of an anionic dye RO 107 from water. The degree of deacetylation of chitosan as obtained by 
